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Implication for health policy/practice/research/medical education:
Biarum carduchrum extract leads to functional regeneration of the nigro-striatal pathway probably through the mechanisms 
associated with its antioxidant properties. The results showed that B. carduchrum might be effective in Parkinson’s disease.
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Introduction: Parkinson’s disease (PD) is developed due to the degeneration of dopaminergic 
neurons in the substantia nigra, which is widely associated with oxidative stress. The 
reduction of glutathione, as the most abundant and important tissue thiol and an antioxidant 
defense agent, is one of the first biochemical events associated with PD, and therefore using 
antioxidants has a protective effect. In the present study, the effects of Biarum carduchrum 
extract on the thiol levels in the tissues of the hippocampus, striatum, cortex, and cerebellum 
in PD were investigated.
Methods: Wistar rats were randomly divided into 5 groups of 8 each. Control group was left 
without lesion. PD group received 8 μg of neurotoxin-6-hydroxydopamine in the anterior-
middle-brain. Seven days after PD induction, groups 3-5 intragastrically received 100, 
200, and 400 mg/mL of B. carduchrum extract, respectively, for 14 days. At completion of 
treatments, brain tissues were removed and their thiol levels measured.
Results: The levels of thiol in cortex, cerebellum, hippocampus, and striatum were significantly 
lower in the rats with PD than the control group. In B. carduchrum extract-treated groups, 
the thiol levels of cerebral cortex, cerebellum, hippocampus, and striatum tissues increased 
significantly compared to PD group.
Conclusion: It seems that B. carduchrum extract leads to the functional regeneration of the 
nigro-striatal pathway through the mechanisms associated with its antioxidant properties. 
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A B S T R A C T
Introduction
Parkinson’s disease (PD) is the most common 
neuropathological disorder that is developed due to the 
degeneration of dopaminergic neurons in the dense part 
of the substantia nigra and its terminals in the striatum 
(1). Reduction of dopamine leads to various motor and 
debilitating disorders such as bradykinesia, tremor, muscle 
rigidity, and the body’s position imbalance (2). Currently, 
there is no definite treatment for neuronal cell death or 
PD. Currently available treatments only delay onset of 
disease or improve motor symptoms through increasing 
dopamine. 
One of the family-related causes of PD is the mutation in 
the PARK2 gene, which encodes a protein called parkin. 
This protein is one of the components of the ubiquitin 
E3 ligase complex, which plays a role in the proteasome 
pathway. It is believed that oxidative stress is the cause of 
changes in this gene (3). The mechanism explained for 
the degeneration of dopaminergic neurons indicates that 
oxidative and nitrative stress can nitrosylate the MEF2C 
transcription factor, which inhibits the transcription 
of certain genes including PGC-1α. Inhibiting the 
expression of this protein causes a mitochondrial defect 
in the dopaminergic neurons and the cell to move toward 
apoptosis (3). 
It is thought that free radicals are topically produced in 
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the basal nuclei, and free radical-induced oxidative stress 
leads to progressive damage and death of the dopaminergic 
neurons in the substantia nigra of PD patients. On the 
other hand, intrinsic defense mechanisms lead to increase 
in dopamine oxidation, neuromelanin production, and 
iron concentration, decrease in ferritin concentration 
and glutathione (GSH) production as well as increase in 
oxidized GSH. GSH depletion in the substantia nigra in 
PD is the result of neuronal degeneration. Different tissues 
including brain tissue have both an intracellular and 
extracellular thiol redox-regulating system that protects 
sulfhydryl (SH)-containing proteins from over-oxidation. 
For example, SH group donors and low-molecular-weight 
enzymes can catalyze the regeneration of SH groups 
in proteins and eliminate the toxicity of pro-oxidants, 
which are an important group of free radicals, by binding 
glutathione to the GSH regeneration. Intracellular GSH 
levels modulate cellular responses to oxidative stress and 
GSH depletion exacerbates oxidative stress (4). 
Currently, vigorous attempts are being made for using 
medicinal plants to decrease the dose of dopaminergic 
drugs. Pharmacological research to date has only led to the 
synthesis of drugs that relieve the symptoms of PD while 
have little effect in preventing neuro-pathological changes. 
It is therefore necessary to seek out new therapeutic agents 
to reduce neuro-degeneration in the pathology of this 
disease (5).
Biarum carduchrum is a plant from family Areaceae that 
wildly occurs in the hillsides of Zagros mountains in the 
provinces of Fars, and Kohgiluyeh and Boyer-Ahmad, 
and is also distributed in some parts of Turkey, Syria, and 
Iraq (6). Williams et al were first to identify flavonoids 
and anthocyanins in the plants from family Areaceae (7). 
Besides that, these plants contain alkaloids and amines, 
saponin, cinnamic acids, and flavonoids. Flavonoids 
represent a group of compounds that are widely available 
in nature. The biological activities of flavonoids are related 
to their antioxidant properties. 
Plants are valuable sources of phenolic compounds. These 
compounds protect the cells against oxidative stress 
through their antioxidant activities. Diets containing 
antioxidants are the best protection against oxidative 
stress and also protect the biological macromolecules 
(8). To the best of our knowledge, no study has yet been 
conducted on B. carduchrum effect on animal model of 
PD, and therefore we were encouraged to investigate the 
effects of different doses of B. carduchrum extract on thiol 
levels in various regions of the brain in rat model of PD. 
Materials and method
Extraction of Biarum carduchrum
Biarum carduchrum samples were collected from the 
vicinity of Izeh County and then botanically identified as 
B. carduchrum at Islamic Azad University, Izeh Branch, 
Izeh, Iran. Then, the leaves were separated and shadow 
dried in the open air. After the leaves were dried, a specific 
amount of them was weighed and finely pulverized into 
particles with a diameter of less than 0.4 mm by an electric 
mill. The resulting powder was macerated in 70% ethanol 
at room temperature for 72 hours. A mixture of alcohol 
and B. carduchrum powder was well stirred several times 
each day. Then, we passed the mixture through a filter to 
separate the extract. The resulting extract was distilled 
in vacuum so that its alcohol was completely evaporated. 
After alcohol was completely evaporated, the extract was 
obtained as a brown powder. The purity of the extract was 
calculated at 28% (9).
Rats grouping
Male Wistar rats weighing 200-250 g were housed at 
21±2°C on a 12-hour light: 12-hour darkness cycle as they 
had free access to the same food and water. The rats were 
randomly assigned to five groups of eight each. Control 
group was left without lesion. PD group received 8μg of 
neurotoxin-6-hydroxydopamine in the anterior-middle-
brain (MFB). Seven days after PD induction, the groups 
3-5 intragastrically received 100, 200, and 400 mg/mL of 
B. carduchrum extract, respectively, for 14 days. The doses 
of the extract were selected with respect to a previous 
study (9). 
Inducing Parkinson’s disease in rats
The rats were anesthetized by intraperitoneal co-
administration of 90 mg/kg of ketamine hydrochloride and 
10 mg/kg of xylazine. They were then placed separately in 
a stereotaxic instrument and fixed by the mouthpiece and 
the bars inside the headphone and the hairs on the back of 
the skull shaved.
The scalp was first disinfected with alcohol and then a 
longitudinal incision made from the back surface of the 
head between the eyes to the back middle surface of the 
ears. The connective tissues on the skull surface were 
removed to make the Bergma point visible. The Bergma 
and Lambda points were placed on an equal surface at 
which the device marker was set. According to Atlas of 
Neurosurgical Techniques, the anterior-middle-brain 
(MFB) was determined at coordinates MFB (AP: 3/8,  ML: 
±1/8, DV:-8/3). PD was induced by unilaterally injecting 
8 μg of neurotoxin-6-hydroxydopamine in the MFB (10).
Measuring brain thiol level
The hippocampus, striatum, cortex, and cerebellum of 
each rat were removed and immediately weighed. One 
gram of each tissue was homogenized in 10 mL of KCL 
1.5% solution. Of the homogenized solution, 0.5 mL was 
dissolved in 2.5 mL of TCA 3% and the resulting solution 
kept in a bain-marie at 37°C for 10 minutes and then 
centrifuged at 3000 rpm for 10 minutes. The supernatant 
was isolated to measure thiol level using DTNB. In a 
test tube, 1 mL of Tris buffer was added to 50 μL of the 
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homogenized tissue solution and then optical absorbance 
was read at 412-nm wavelength (A1). Then, 20 μL of 
DTNB was poured in the tubes, the resulting solution 
allowed to stand at room temperature for 15 minutes, and 
its absorbance was read at 412-nm wavelength (A2). The 
absorbance of control was also read at 412-nm wavelength 
(B). Thiol levels were measured by the equation below: 
Thiol= (A2-A1-B)*1.07/ 0.05*13.6
Statistical analysis
Data analysis was conducted by one-way analysis of 
variance (ANOVA) in SPSS version 16. Tukey test was used 
to investigate the significance of inter-group differences. 
The level of statistical significance (P) was considered 
<0.05. Data were expressed as mean ± standard error of 
measurements. 
Results
The thiol levels of hippocampus, striatum, cortex, and 
cerebellum tissues were significantly lower in the PD 
group than the control group, and significantly higher in 
B. carduchrum extract-treated groups (100, 200, 400 mg/
kg)  than the groups with PD (Figures 1-4).
Discussion 
Consistent with previous studies, the present study showed 
that PD led to significant decrease in thiol levels in the 
tissues of the brain’s regions. This study also showed that 
B. carduchrum treatment compensated for this decrease 
through increasing thiol levels. 
Oxidative stress is one of the factors that play a substantial 
role in degeneration of dopaminergic neurons in PD. It has 
been demonstrated that the damage due to oxidative stress 
and free radicals contributes greatly to the degeneration of 
the neurons of the substantia nigra, because the dopamine 
metabolism in the neurons is associated with the 
production of reactive oxygen species including hydrogen 
Figure 1. Comparison of mean (±standard deviation) of thiol levels of 
cortex in control group, Parkinson’s disease (PD) group, and Barium 
carduchrum extract (100, 200, and 400 mg/kg)-treated PD groups. 
* Significant difference between PD group and the other groups. 
* P < 0.05 and *** P < 0.001.
Figure 4. Comparison of mean (±standard deviation) thiol levels 
of stratium in control group, Parkinson’s disease (PD) group, and 
Barium carduchrum extract (100, 200, and 400 mg/kg)-treated PD 
groups; * Significant difference between PD group and the other 
groups;  * P < 0.05 and *** P <0.001.
Figure 2. Comparison of mean (±standard deviation) thiol levels of 
cerebellum in control group, Parkinson’s disease (PD) group, and 
Barium carduchrum extract (100, 200, and 400 mg/kg)-treated PD 
groups. * Significant difference between PD group and the other 
groups; *** P < 0.001.
Figure 3. Comparison of mean (±standard deviation) thiol levels 
of hippocampus in control group, Parkinson’s disease (PD) group, 
and Barium carduchrum extract (100, 200, and 400 mg/kg)-treated 
PD groups; * Significant difference between PD group and the other 
groups; * P < 0.05 and *** P < 0.001.
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peroxide and hydroxyl radical. Therefore, dopaminergic 
neurons in the brain are more predisposed to oxidative 
stress-associated cell death (4). 
Oxidative damage to lipids, proteins, and DNA has been 
detected in the autopsies of PD patients. Interestingly, 
decreased levels of GSH, which is an antioxidant, is one 
of the first detected biochemical changes due to PD. Since 
then, a number of studies have investigated the role of 
GSH homeostasis in the progression of PD. GSH is the 
main antioxidant defense and the most frequent non-
protein thiol in mammalian cells including a free thiol 
group that is responsible for its regeneration (11).
Thiols are organosulfur compounds that include a carbon-
bonded SH group and are currently being considered a 
constituent of functional groups of cysteine amino acid 
group (cysteines protein, thiols protein) that are used in 
response to oxidative stress. Decrease in GSH levels is one 
of the first detected biochemical changes due to PD (11). 
Neurotoxin-6-hydroxydopamine degenerates the 
nigrostriatum through free radicals. This neurotoxin 
enters the dopaminergic terminals in the neostriatum 
through selective dopamine carriers, and leads to lipid 
peroxidation, DNA fragmentation, protein oxidation, and 
ultimately cell death through producing hydroxyl and 
hydrogen peroxide (12). 
Hosseini et al determined the antioxidant activity of B. 
carduchrum extract using DPPH free radical inhibition 
and metal ion regeneration and chelation, and compared 
the antioxidant activities of B. carduchrum extract with 
those of ascorbic acid, alpha-tocopherol, EDTA, and 
BHT. The study of Hosseini et al showed that this extract 
was better at inhibiting DPPH, and regenerating and 
chelating metal ions than BHT and alpha-tocopherol 
(13). The flavonoids of B. carduchrum extract react with 
hydroxyl anion, phenoxyl radical, and hypochlorous acid 
and prevent mitochondrial free radical-induced lipid 
peroxidation (13).
Studies have shown that inhibition of monoamine 
oxidase (MAO) by compounds such as alkaloids, 
phenolic acids and flavonoids may have therapeutic 
effects on PD (14-16). MAOA and MAOB are the central 
and peripheral nervous system enzymes that catalyze 
conversion of neurotransmitters to H2O2 or hydrogen 
peroxide aldehydes. In the brain of people with PD, MAO 
inhibitors inhibit the breakdown of dopamine into its 
metabolites (17), and therefore can be used to maintain 
optimum levels of dopamine levels in clinical settings 
(18). As it has already been mentioned, B. carduchrum 
contains alkaloids, flavonoids and polyphenols, therefore 
the protective effect of this plant on PD may be due to the 
presence of these compounds and MAO inhibitory effect.
In the present study, for the first time, the protective effect 
of B. carduchrum on neurodegenerative diseases was 
demonstrated, which may be due to the antioxidant effects 
of the plant. The protective effects of this plant may also be 
related to other mechanisms that should be considered in 
future studies. In this regard there are a lot of other plants 
with antioxidant activity (19-21). These plants or their 
components might have the same effects which should be 
examined.
Conclusion
It seems that B. carduchrum extract leads to functional 
regeneration of the nigrostriatal pathway through the 
mechanisms associated with its antioxidant properties.
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